An in vitro RNA-synthesizing system consisting of gently lysed E. coli cells on cellophane discs is described. The system has been optimalized with respect to total RNA synthesis. Under certain standard conditions DNA dependent RNA polymerase (EC 2.7.7.6) is responsible for the majority of the RNA synthesis. The extensive rifampicin sensitivity of the synthesis indicates that most of the transcripts are initiated in vitro. The RNA synthesizing system described here has been developed with the aim of studying phage transcription in vitro. We show here that lysates of a P4 infected P2 lysogen support initiation and propagation of transcription from the P2 prophage.
INTRODUCTION
Satellite phage P4 is a helper dependent virus which requires, for its growth, the presence of a helper phage such as temperate phage P2. P4 DNA replication is helper independent but P4 maturation depends on the supply of all known structural gene products of the helper (Six, 1975) . Interestingly, the P4 DNA (6.8xlO 6 dalton) lacks homology with the three times larger helper P2 DNA (Lindqvist, 1974) . When the helper is in the form of a P2 prophage, P4 maturation results from P4 induced activation of the genes of the prophage (Calendar et al. 1977) .
We describe here an in vitro system which should allow us to study the P4 induced gene activation of the helper by biochemical techniques. This in vitro transcribing system is based on the cellophane disc system of Schaller 6 . We have chosen this system because it consists of crude £. coli lysates which are likely to contain a high concentration of bacterial nucleoides in the presence of all the macromolecular components of the cell at concentrations comparable to in vivo conditions. Since P4 activated P2 transcription must involve a RNA transcription initiation event, it is necessary that the disc HC1 pH 7.5 + 1 mM EDTA. Standard incorporation mixture; 1 ml TMK, 20 1 4 C thymine at 37° to a titer of 2-10 8 cells/ml. 14 C thymine was present in the growth medium in order to label the bacterial DNA for the purpose of normalizing subsequent in vitro RNA-synthesis to a cell mass parameter. The cells were then washed once in ice cold TGS, and finally resuspended in TGS at a concentration of 3-10 cells/ml. One yl of this cell suspension was used for spheroplast formation by spreading it on a cellophane disc (15 mm diameter) together with 1 yl Brij/lysozyme solution. The disc had previously been placed on a milliporefilter (0.22 y pore size) resting on a plate of TGS-agar. After 5 minutes incubation, the cellophane disc was transferred from the TGS-agar to a plate of TM-agar for disruption of spheroplasts. After 10 minutes incubation on TM-agar the lysate was concentrated to complete dryness by transferring the filter cellophane disc set to a Whatman filter paper floating on a PEG solution in a petridish. The drying step lasted 10 to 20 minutes and it was important for maintaining the proper concentration of the lysate during RNA synthesis. The preparation of the lysate was carried out at 4"C. The dried lysate was then incubated on a drop of incorporation mixture as described earlier by Schaller et al. (1972) . After incubation, the reaction was stopped by transferring the disc (with the lysate down) onto a Whatman GF-A filter (25 mm) soaked in Stop mixture 1, followed by extensive washing in 4 tanks of TCA (the first tank contained 20 mM pyrophosphate) and finally washed twice with methanol. Discs containing no cells served as blanks. The filters were dried and counted in a Packard scintillation counter. In order to present the results in a comparable form most of the data have been normalized. This has been done by dividing the H cpm on each filter with the corresponding C cpm. The highest such raito obtained in one experiment was defined as 100, and all other data in the same experiment were normalized relative to this value. In several of the experiments two measurements were performed for each point. In those cases 100 was defined as the highest average value. The figures which constitute the value of TOO, are given as cpm in the legend to the f i g u r e . I f the RNA transcripts were to be analyzed f u r t h e r , the reaction was stopped by placing the disc in 1 ml of stop mixture 2, and the lysate was scrapped off from the cellophane disc with a razor blade.
Extraction of RNA for DNA-RNA hybridization analysis. RNA was extracted from the lysate ( i n stop mixture 2) with phenol (BjJvre and Szybalski, 1971) and the labeled P2-RNA was hybridized against separated strands of P2 or hybrid phage Hy5 DNA. The procedure for separation of DNA strands, and conditions of hybridizationswere the same as described by
Bfivre and Szybalski (1971 ) 1 0 . 14 ; Sekiguchi and Iida, 1967) 15 . In particular, the effect of rifampicin on the kinetics of H-UTP incorporation will yield information with respect to initiation of transcription in the cellophane disc lysates.
RESULTS

Kinetics
As can be seen in Figure 3 , both inhibitors markedly reduce the incorporation of H-UTP, demonstrating that DNA dependent RNA polymerase is responsible for the majority of the RNA synthesis. The extensive inhibition of H-UTP incorporation in the presence of rifampicin indicates that the cellophane disc lysate is able to support initiation of £. coli transcription The inhibitor resistant incorporation appears to be largely due to template independent RNA synthesizing activities (see below) which seem to be present in the lysates. has been adopted to minize the contribution of template independent RNA synthesis. In vitro synthesis of P2 m-RNA in lysates of P4-infected P2 lysogens. P4 activated P2 transcription has been studied in lysates after the activation process had started in vivo. Under these conditions rifampicin has been used to study elongation and initiation of P2 m-RNA chains. The experiments were complicated by the fact that cells infected with P4 for more than 30 minutes tend to lyse when resuspended in TGS. Such lysates showed a reduction in total RNA synthesis. By using strain C-1819, which carries a P2 prophage defective in the lysis gene K, lysis could be partly prevented and lysates from P4 infected and uninfected cells became comparably active in RNA synthesis. Table 2 shows the result of an experiment in which P2 specific transcription was assayed in the presence or absence of rifampicin. The lysates were prepared from cells infected with P4 for 40 minutes.
As can be seen, virtually no P2 transcription can be detected in the uninfected control lysate. In the infected lysates a substantial amount of Preliminary measurements of the size of the E. coli transcripts made in the disc system indicate the presence of mostly short chains (4-8 S) but chains of sizes up to 13-14 S are also present. These results might due to inefficient polymerization/frequent chain termination, or alternatively, the transcripts are made longer but later exposed to endonucleolytic degradation. A lysate of a RNase 1" strain of £. c o l i , however, did not yield larger transcripts.
The phage transcription experiments show that the disc lysates support asymmetric P2 m-RNA synthesis, which as that of £. c o l i , is inhibited by rifampicin. This indicates that the disc lysates allow initiation of P2 m-RNA transcription. In a study on trp m-RNA synthesis in isolated £. coli nucleoides Ishii and Imamoto (1976) 24 were unable to demonstrate initiation of transcription. I t may be that during their isolation and purification of the nucleoides, some component(s) needed for specific initiation were lost. The cellophane disc procedure for lysate (nucleoide) preparation would be expected to retain such factors. We have made attempts to establish in vitro initiated P4 activated P2 transcription, and our preliminary results suggest that P2 specific m-RNA synthesis can be activated in mixed lysates of cells containing repressed P2 genomes and cells infected with P4 in the absence of P2. Recently, Gibbs and Eisen have developed a cell free DNA dependent protein synthesizing system which stimulates the synthesis of a number of P2 proteins when extracts of P4 infected cells are added to the system primed 25 with P2 DNA (personal communication) and D. Rabussay and E. P. Geiduschek have succeeded in establishing in vitro transcription of T4 late genes in 26 crude lysates prepared on cellophane discs .
